Introduction
Although cigarette smoking is the major cause of lung cancer, only a fraction of smokers develop lung cancer during their lifetime, suggesting that genetic and epigenetic factors are of importance in determining individual's susceptibility to lung cancer (1, 2) . DNA methylation is a major epigenetic mechanism that regulates chromosomal stability and gene expression (3, 4) . DNA methylation is mediated by DNA methyltransferases (DNMTs). In human, three catalytically active DNMTs (DNMT1, DNMT3A and DNMT3B) have been identified (5) (6) (7) . Although DNMTs act cooperatively for the establishment and maintenance of genomic methylation patterns (8, 9) , DNMT1 is thought to be primarily responsible for maintaining pre-existing methylation patterns after DNA replication because of its preference for hemimethylated DNA substrates and targeting to replication foci (10) .
DNMT3A and DNMT3B have equal preference for hemimethylated and unmethylated DNA substrates, and therefore they are believed to be principally required for de novo methylation (11) .
Many human cancers including lung cancer have both global hypomethylation and regional hypermethylation of CpG islands (12) (13) (14) (15) . Such aberrant DNA methylation may contribute to carcinogenesis in several ways. Hypomethylation may lead to chromosomal instability, reactivation of transposable elements, and loss of imprinting (13, 16) . Methylation of CpG sequences may facilitates C-to-T transition mutations in tumor suppressor genes and/or oncogenes through deamination of 5-methylcytosine to thymine (17) . Methylated CpG sequences may also increase susceptibility to attack by some environmental carcinogens like benzo[a]pyrene diol epoxide (18, 19) . Finally, de novo hypermethylation of promoter CpG islands may lead to silencing of tumor suppressor genes and DNA repair genes (4, 13, 16) .
In various human cancers, DNMT genes are up-regulated (20) (21) (22) . Several studies have linked the aberrant de novo hypermethylation of promoter CpG islands to the overexpression of DNMTs (23, 24) . Genetic disruption of both DNMT1 and DNMT3B in human cancer cells has at Pennsylvania State University on http://carcin.oxfordjournals.org/ Downloaded from 4 been shown to result in global and gene-specific demethylation, and abrogation of silencing of tumor suppressor genes (8, 25) . Taken together, these results suggest that altered activities of DNMTs contribute to the generation of aberrant methylation in cancer.
Single nucleotide polymorphisms (SNPs) are the most common form of human genetic variation, and may contribute to individual susceptibility to cancer. Many studies have demonstrated that some variants affect either the expression or activities of enzymes and therefore are associated with cancer risk (1, 26) . Recently, several candidate SNPs in the DNMT3B gene have been deposited in public databases (http://www.ncbi.nlm.nih.gov/SNP).
Although the functional effects of these polymorphisms have not been elucidated, we hypothesized that some of these variants, particularly their haplotypes, may influence DNMT3B activity on DNA methylation, thereby modulating the susceptibility to lung cancer.
To test this hypothesis, a case control study was conducted to evaluate the association between DNMT3B genotypes/haplotypes and the risk of lung cancer. Among the candidate SNPs in DNMT3B, we have focused on amino acid substitution variants [Ala204Ser, 1541945G>T in exon 7; and Glu368Lys, 1547344G>A in exon 10; GenBank accession no. NT_028392], and variants in promoter regions [-283T>C (from exon 1A transcription start site); and -579G>T (from exon 1B transcription start site); GenBank accession no. NT_028392], because these most likely affect the gene function. In addition, DNMT3B 46359C>T polymorphism (GenBank accession no. AL035071) was also evaluated since this polymorphism was associated with the risk for lung cancer in previous study (27) . In the present study, we evaluated the association of -283T>C and -579G>T polymorphisms and their haplotypes with lung cancer because Ala204Ser, Glu368Lys and 46359C>T polymorphisms were not detected in a preliminary study consisting of 50 lung cancer cases and 50 healthy controls. 
Materials and Methods

Study population
This case-control study included 432 lung cancer patients and 432 healthy controls.
The method used for subject enrollment was same as the previous our studies (28, 29 (30) . Controls were randomly selected from a pool of healthy subjects who visited the general health check-up center at Kyungpook National University Hospital during the same period. We defined a healthy subject as a person free of disease (including no history of cancer) on health check-up. A total of 3065 (1598 males and 1467 females) of 5578 healthy subjects agreed to this study (participation rate, 54.9%). Compared with refused subjects, participated subjects were similar in the distribution of sex (% of male, 52.5% versus 52.1%; P = 0.80) and age (52.2 ± 11.4 versus 52.1 ± 11.3; P = 0.80). From 3065 healthy volunteers, we randomly selected 432 control subjects frequency matched (1:1) to the cases based on sex and age (± 5 years). All cases and controls were ethnically Koreans and resided in Daegu City or in the surrounding regions. A detailed questionnaire was completed for each case and control by a trained interviewer. The questionnaire included information on the average number of cigarettes smoked daily and the number of years the subjects had been smoking. For smoking status, a person who had smoked at least once a day for > 1 year in his or her lifetime was regarded as a smoker. A former smoker was defined as one who had stopped smoking at least 1 year before diagnosis in the case of patients and 1 year before the date signed on an informed consent for blood sample collection in the case of controls.
Cumulative cigarette dose (pack-years) was calculated by the following formula: pack-years = (packs per day) x (years smoked).
DNMT3B genotyping
Genomic DNA was extracted from peripheral blood lymphocytes by proteinase K digestion and phenol/chloroform extraction. The DNMT3B -283T>C and -579G>T polymorphisms were determined by a PCR-RFLP assay. PCR reactions were performed in a BioLabs) and resolved on 6% acrylamide gel and stained with ethidium bromide for visualization under UV light. The wild type G allele has only one band, while the polymorphic T allele has two bands (132 and 93 bp). For quality control, genotyping analysis was performed blind with respect to case/control status and repeated twice for all subjects. The results of genotyping were 100% concordant. To confirm the genotyping results, selected PCR-amplified DNA samples (n = 2, respectively, for each genotype) were examined by DNA sequencing, and the results were also 100% concordant.
Transcription activity analysis
The fragments of the DNMT3B exon 1A promoter region (from -1140 to +53, transcription start site of exon 1A counted as +1) and exon 1B promoter region (from -863 to +196, transcription start site of exon 1B counted as +1) were synthesized, respectively, by PCR using genomic DNA from donors carrying either the wild-type or polymorphic allele of each DNMT3B promoter region. The PCR primers used for the exon 1A and exon 1B promoter regions were 5'-TCGCGGTAAGTGCTAGGAAC-3' (forward) and 5'-GGAGCAGCTGCTG CGAGGAA-3' (reverse); and 5'-AGATAAACTGCGAGGCTAGC-3' (forward) and 5'-TCT CAGGCTCAGACTGCTCT-3' (reverse), respectively. The PCR products were inserted upstream of the luciferase gene in the pGL3-basic plasmid (Promega, Madison, WI, USA), and the correct sequence of all clones was verified by DNA sequencing. Promoter activity was measured using the Lucifierase Reporter Assay System (Promega). Chinese hamster ovary cells were grown in minimal essential medium supplemented with 10% fetal bovine serum. 1 x 10 8 LB953 luminometer (EG & G Berthhold, Bad Wildbad, Germany), and normalized using the activity of Renilla luciferase. The experiment was performed four times in triplicates, and the results were reported as mean ± standard deviation.
Statistical Analysis
Cases and controls were compared using Student's t-test for continuous variables and the χ 
Results
The demographics of the cases and controls enrolled in this study are shown in Table   I . There were no significant differences in the mean age and sex distribution between cases and controls, suggesting that the matching based on these two variables was adequate. The cases had a higher prevalence of current smokers than the controls (P < 0.001). The number of packyears in smokers was significantly higher in cases than in controls (39.9 ± 17.9 versus 34.4 ± 17.6 pack-years; P < 0.001). These differences were controlled for later by multivariate analyses.
The distributions of DNMT3B -283T>C and -579G>T genotypes among controls and cases are shown in Table 2 . The genotype distributions of both polymorphisms among the controls were in Hardy-Weinberg equilibrium. No significant deviation was observed for the genotype distributions of both polymorphisms between overall lung cancer cases and controls.
When the cases were categorized by tumor histology, however, the distributions of -283T>C
and -579G>T genotypes in the AC group (TT 0%, TC 14.2%, CC 85.8%; and GG 0%, GT 13.7%, TT 86.3%) were significantly different from those among the controls (TT 1.6%, TC 24.5%, CC 73.8%; and GG 1.6%, GT 25.0%, TT 73.4%; P = 0.009 and P = 0.007, respectively). The distributions of genotypes of both polymorphisms in the other histological subtypes were not significantly different from those among the controls. Table 3 shows the lung cancer risk related to the DNMT3B -283T>C and -579G>T genotypes, respectively. ORs and their 95% CIs were calculated using the more common homozygous variant genotype as the reference group (-283 CC and -579 TT genotypes, respectively). Because of low prevalence of homozygous wild-type genotype, we combined this genotype with heterozygous genotype into one group and compared it with the reference group (a dominant model for the wild-type allele). As compared with the reference group, the combined -283 TT and TC genotype, and the combined -579 GG and GT genotype were associated with non-significant decreased risk of overall lung cancer, respectively (adjusted OR Table 4 .
The distribution of the haplotypes among overall lung cancer cases was not significantly different from that among the controls (P = 0.08). When the cases were categorized by tumor histology, the haplotype distribution in the AC group was significantly different from that among the controls (P = 0.002). To examine the effect of haplotypes on the risk of lung cancer, the -283C/-579T haplotype was used as the reference group. As compared with the reference haplotype, the -283T/-579G haplotype was associated with non-significant decreased risk of overall lung cancer (adjusted OR = 0.77, 95% CI = 0.57-1.04, P = 0.09). When analyses were stratified by tumor histology, the -283C/-579T haplotype was associated with a significantly decreased risk of AC (adjusted OR = 0.48, 95% CI = 0.29-0.81, P = 0.006).
We investigated the effects of the -283T>C and -579G>T polymorphisms on the promoter activity of DNMT3B by luciferase assay. The promoter activity of the -283T allele was significantly lower (approximately 50%) compared with the -283C allele (P < 0.001, Fig. 
Discussion
We investigated the influence of DNMT3B polymorphisms on the risk of lung cancer in a hospital-based case-control study. The -283T>C and -579G>T polymorphisms in the DNMT3B promoter, and their haplotypes were significantly associated with the risk of AC of the lung. This finding suggests that the DNMT3B -283T>C and -579G>T polymorphisms could be used as markers of genetic susceptibility to AC. Of three major histological types of lung cancer, the proportion of AC is increasing world-wide. Thus, identification of genetic factors responsible for susceptibility to AC is indispensable to establishing novel and efficient ways of preventing the disease.
The DNMT3B gene has two transcriptional start sites which exist in different exons (exon 1A and 1B) and the expression is regulated by different promoters. One promoter is nested within a CpG-rich area, whereas the other promoter is found in CpG poor (33) . The DNMT3B -283T>C (-283bp from exon 1A transcription start site) and -579G>T (-579bp from exon 1B transcription site) polymorphisms are located in the CpG-rich and CpG poor promoters, respectively. In the present study, we found that these two polymorphisms are in linkage disequilibrium.
In the present study, carriers with -283T and -579G alleles were at decreased risk of lung cancer as compared with individuals having -283C and -579T alleles. To determine whether the association between the DNMT3B -283T>C and -579G>T polymorphisms, and the risk of lung cancer is due to difference in the transcriptional activity of the DNMT promoter, we compared the promoter activity of the wild-type allele or polymorphic allele of these two polymorphisms by luciferase assay. Since the -283T>C and -579G>T polymorphisms were in LD, the functional effects of both polymorphisms might be haplotype-dependent. Therefore, it is reasonable to compare the promoter activity of haplotypes (haplotype -283T/-579G versus haplotype -283C/-579T). However, it is difficult to synthesize the construct containing both -283T>C and -579G>T polymorphisms by PCR since the -579G>T polymorphism is located at at Pennsylvania State University on http://carcin.oxfordjournals.org/ Downloaded from 13 17171 bp from -283T>C polymorphism. Therefore, we investigated the effect of each polymorphism on the promoter activity, respectively. In vitro promoter assay revealed that the -283T allele had significantly lower transcriptional activity than that of the -283C allele, and the -579G>T polymorphism did not effect on the transcriptional activity of the DNMT promoter.
These results suggest that the genetic effects of DNMT3B polymorphisms on lung cancer risk are mainly attributed to the -283T>C polymorphism, and also suggest that the -283 T to C change up-regulates DNMT3B expression, resulting in a predisposition toward aberrant de novo methylation of CpG islands in tumor suppressor genes and DNA repair genes. This explanation is comparable with the suggestion proposed by previous studies (34, 35) that individuals with increased DNMT levels may have a greater susceptibility to lung cancer. The mechanism by which the DNMT3B -283C allele led to higher promoter activity is currently unknown.
Analysis of potential transcription factor binding sites by Alibaba2 program (36) showed that the -283T to C change leads to the creation of a simian virus-40 protein 1 (Sp1) binding site and eliminates a c-Jun binding site. Sp1 is a transcription factor enhancing expression of several viral and cellular genes by binding to specific enhancer sites. Yanagisawa et al (33) reported that the deletion of Sp1 binding site in the DNMT3B exon 1A promoter region results in a reduction of the promoter activity. Therefore, it is possible that the creation of the new Sp1 binding site due to the -283C allele may lead to enhanced promoter activity. However, this hypothesis needs to be verified in future studies.
In the current study, the DNMT3B polymorphisms were significantly associated with the risk of AC, but not SCC. Although the reason for the observed histology-specific difference in the risk conferred by the DNMT3B polymorphisms remains to be elucidated, this difference may be attributable to the differences in the pathways of carcinogenesis among histological types of lung cancer. Certain genotypes could therefore confer a greater susceptibility to a particular histological type of lung cancer (37) (38) (39) . Various line of evidence suggests that DNMT activity and aberrant promoter methylation can be modulated differentially by specific carcinogens and cell-types exposed to carcinogen (40, 41) . Therefore, the observed histologyat Pennsylvania State University on http://carcin.oxfordjournals.org/ Downloaded from 14 specific difference in the susceptibility conferred by the DNMT3B polymorphisms may result from a different DNMT3B activity by histological types of lung cancer. This explanation is comparable with the previous report (42) that the aberrant promoter methylation rates of several genes were significantly higher in AC than in SCC. Another possible explanation is that this finding may be due to the different effects of other genetic variants on a genetic predisposition toward aberrant DNA methylation by histological types of lung cancer. For example, the DNMT3A is also required for de novo DNA methylation and can compensate for lack of DNMT3B activity (11) . Therefore, DNMT3A polymorphisms could effect on the occurrence of de novo promoter methylation. It should be also considered that polymorphic variants of genes involved in carcinogen metabolism and repair of DNA damage may affect the occurrence of de novo promoter methylation (43) .
Recently, Shen et al. (27) reported an association between DNMT3B 46359C>T polymorphism and lung cancer risk in non-Hispanic whites. They found that the heterozygous CT genotype was associated with a significantly increased risk for lung cancer as compared to the homozygous CC genotype. These authors reported that the risk estimate related to the variant genotype was higher for SCC than for AC. In contrast to their finding, DNMT3B -283T>C and -579G>T polymorphisms were associated with the risk of AC, but not with SCC in the current study. The reason for the difference in lung cancer histological type associated with DNMT3B polymorphism between two studies is not clear but may be due to that the polymorphic site they analyzed was different from those analyzed in the current study. Given that DNMT3B 46359C>T polymorphism was not detected in our study population, it is also possible that the different results between two studies may be attributable to the genetic differences in different ethnic populations. Geographic differences in carcinogen exposure or molecular pathogenesis should be also considered. In the previous study (27) , they reported that the DNMT3B 46359C>T polymorphism is located in the DNMT3B promoter and is linked with DNMT3B promoter activity. Based on the GenBank reference sequence (accession no. Genetic susceptibility to lung cancer may depend on the level of carcinogen exposure (44, 45) . However, in the current study, we did not found any evidence for gene-smoking (smoking status or pack-years of smoking) interaction. DNMT3B polymorphism may have an influence on disease progression. In the present study, however, no significant difference was observed in the genotype distributions of both polymorphisms according to the stage of lung cancer (data not shown). One must consider a number of limitations of this study. Since this study was a hospital-based case-control study, there might be some selection bias. Given that most lung cancer patients are treated at university hospital in Korea, the demographics and clinical characteristics of the cancer patients in the current study were compatible those of a nationwide lung cancer survey (30) . Furthermore, as all the lung cancer patients diagnosed at a national university hospital were included in this study, it is reasonable to assume that the case group represents the lung cancer cases in our community. All cases and controls were ethnically Koreans and residents of Daegu City or the surrounding regions. Another selection bias may derive from controls that did not participate in this study. However, because the age and sex distribution of non-participating controls were similar to those of the participating controls in the current study, a self-selection bias is unlikely. By matching on age and sex, potential confounding factors might be minimized. An inadequacy in matching on smoking exposure would be controlled in data analysis with additional adjustment.
In conclusion, we found that the -283T>C and -579G>T polymorphisms in the DNMT3B promoter, and their haplotypes were significantly associated with the risk of lung cancer, particularly AC. These results suggest that the DNMT3B gene may be involved in the development of lung cancer although additional studies with larger sample sizes are required to confirm our findings. Future studies of other DNMT3B sequence variants and their biologic function are also needed to understand the role of DNMT3B polymorphisms in determining the risk of lung cancer. Moreover, since genetic polymorphisms often vary between ethnic groups, further studies are needed to clarify the association of the DNMT3B polymorphism with lung cancer in diverse ethnic populations. 
